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DETAILED ACTION 

Applicant's arguments filed 1 1/04/03 have been fully considered but they are not 
persuasive. Applicant argues that the selection of a pressure of at least 39.9 kPa for the reaction 
gives way to unexpected results, namely the production of a dramatically increased yield of 
nanotube product. The document that the applicant relies upon, however, fails to show a 
dramatically increased yield of nanotube product, but rather shows regular plots of nanotube 
yield vs. reaction pressure, the plots were determined through routine experimentation in order 
to show the optimum reaction pressure. Therefore the plot further supports the argument that the 
selection of a specific pressure (taking into account the cost of high pressure vs. the yield of 
nanotube product) is the optimization of a known process, which could have been determined 
through routine experimentation. Furthermore, the applicant argues that Withers et al. teach a 
preferred pressure range of 100-200 torr and therefore teach away from the presently claimed 
invention. However, Withers teaches a general range which encompasses the pressures of the 
presently claimed invention, and the selection of a preferred pressure from within that range does 
not entail teaching away. 



Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S. C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 
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Claims 1-3, 8, 1 1, and 15-17 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Withers et al. (USPN 5,876,684) taken with Chiharu et al. (JP 11116218). 

Withers et al. disclose a method for the production of fiillerenes and nanotubes in a 
suitable heat generating system, such as a plasma zone created by an electric arc between two 
electrodes (See Figures 13a and 13b). In this method, a fluid that may be carbon particulates or 
hydrocarbon in a liquid or gaseous state are continuously fed to the reaction zone and supplied 
with heat from the source in an atmosphere and under other conditions that cause formation of 
fullerenes (column 2, lines 1-13). Because hydrogen can interfere with the fiillerenes ring 
closure, hydrocarbons with low hydrogen/carbon ratios such as benzene, naphthalene, etc. are 
preferred (column 9, lines 60-67). Withers et al. also teach the process of evacuating the system 
to 10" 3 torr before pressurizing the system and creating the arc (Example 1). Withers et al. do not 
however teach the formation of single-walled nanotubes, nor do they teach the use of a catalyst 
within the carbon feed. 

Chiharu et al. teach the use of catalysts for the production of single-walled carbon 
nanotubes using various processes known for producing fullerenes. Chiharu et al. teach that 
single-walled carbon nanotubes can be produced by the plasma method, wherein a carbon 
component, such as petroleum oil, and metal nanoparticle catalysts, such as those comprising 
iron, cobalt, or nickel, are introduced into a plasma frame and the carbon materials exiting the 
plasma are cooled (paragraph [0018]). It would have been obvious to one of ordinary skill at the 
time of invention to add the catalyst materials of Chiharu et al. to the carbon feed of Withers et 
al. in order to produce single-walled nanotubes. 
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Withers et al. teach the use of a pressure within the range of 10" 6 to 760 torr. The 
selection of a specific pressure range, such as that between 39.9 kPa (300 torr) and 79.8 kPa (600 
torr), is determined to be the optimization of a known process, which could have been 
determined through routine experimentation, and is held to be obvious by In re Boesch 205 
USPQ 215. 

Claims 1-3, 8, 11, and 15-17 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Withers et al. (US'PN 5,876,684) taken with Chiharu et al. (IP 1 1 1 16218) and further in 
view of Ebbesen ("Carbon Nanotubes Preparation and Properties"). 

Withers et al. disclose a method for the production of fullerenes and nanotubes in a 
suitable heat generating system, such as a plasma zone created by an electric arc between two 
electrodes (See Figures 13a and 13b). In this method, a fluid that may be carbon particulates or 
hydrocarbon in a liquid or gaseous state are continuously fed to the reaction zone and supplied 
with heat from the source in an atmosphere and under other conditions that cause formation of 
fullerenes (column 2, lines 1-13). Because hydrogen can interfere with the fullerenes ring 
closure, hydrocarbons with low hydrogen/carbon ratios such as benzene, naphthalene, etc. are 
preferred (column 9, lines 60-67). Withers et al. also teach the process of evacuating the system 
to 10" 3 torr before pressurizing the system and creating the arc (Example 1). Withers et al. do not 
however teach the formation of single-walled nanotubes, nor do they teach the use of a catalyst 
within the carbon feed. 

Chiharu et al. teach the use of catalysts for the production of single- walled carbon 
nanotubes using various processes known for producing fullerenes. Chiharu et al. teach that 
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single-walled carbon nanotubes can be produced by the plasma method, wherein a carbon 
component, such as petroleum oil, and metal nanoparticle catalysts, such as those comprising 
iron, cobalt, or nickel, are introduced into a plasma frame and the carbon materials exiting the 
plasma are cooled (paragraph [0018]). It would have been obvious to one of ordinary skill at the 
time of invention to add the catalyst materials of Chiharu et al. to the carbon feed of Withers et 
al. in order to produce single-walled nanotubes. 

Withers et al. teach the use of a pressure within the range of 10" 6 to 760 torr. However, 
Ebbesen teaches that in the arc discharge formation of single-walled carbon nanotubes, good 
yields are obtained at pressure around 500 to 600 torr. It therefore would have been obvious to 
one of ordinary skill to apply a pressure of between 500 and 600 torr in the process of Withers et 
al. in order to produce a high yield of single-walled nanotube product. 

Claim 9 is rejected under 35 U.S.C. 103(a) as being unpatentable over Withers et al. 
taken with Chiharu et al. as applied to claim 1 above, and further in view of Journet et al. 
("Large-scale production of single-walled carbon. . ."). 

Neither Withers et al. nor Chiharu et al. disclose the use of yttrium catalysts for the 
growth of single-walled carbon nanotubes in an electric arc process. Journet, however, teaches 
that a mixture of yttrium and nickel catalyst particles gives the highest yield of single-walled 
nanotubes in an electric arc process and that yttrium strongly favors the growth of single-walled 
nanotubes. It would have been obvious to one of ordinary skill at the time of invention to 
include the nickel and yttrium catalyst particles, taught by Journet et al, in the process of 
Withers taken with Chiharu in order to increase the yield of single-walled carbon nanotubes. 
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Claim 9 is rejected under 35 U.S.C. 103(a) as being unpatentable over Withers et al. 
taken with Chiharu et al. and in view of Ebbesen as applied to claim 1 above, and further in view 
of Journet et al. ("Large-scale production of single-walled carbon. . ."). 

Neither Withers et al. nor Chiharu et al. disclose the use of yttrium catalysts for the 
growth of single-walled carbon nanotubes in an electric arc process. Journet, however, teaches 
that a mixture of yttrium and nickel catalyst particles gives the highest yield of single-wailed 
nanotubes in an electric arc process and that yttrium strongly favors the growth of single-walled 
nanotubes. It would have been obvious to one of ordinary skill at the time of invention to 
include the nickel and yttrium catalyst particles, taught by Journet et al., in the process of 
Withers taken with Chiharu in order to increase the yield of single-walled carbon nanotubes. 

Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Withers et al. 
taken with Chiharu et al. as applied to claim 1 5 above, and further in view of Bethune et al. (US 
5,424,054). 

Neither Withers et al nor Chiharu et al. explicitly teach the formation of the arc by a 
contact arc processing. Bethune teaches a process for the formation of single-walled carbon 
nanotubes using an electric arc. The arc is established by bringing the anode and the cathode 
into contact and then separating them by a short distance. It would have been obvious to one of 
ordinary skill at the time of invention to create the electric arc of Withers et al using contact arc 
processing, as taught by Bethune et aL, as it is an equivalent means of producing an electric arc 
capable of forming nanostructures. 
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Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Withers et al. 
taken with Chiharu et al. and in view of Ebbesen as applied to claim 15 above, and further in 
view of Bethune et al. (US 5,424,054). 

Neither Withers et al. nor Chiharu et al explicitly teach the formation of the arc by a 
contact arc processing. Bethune teaches a process for the formation of single-walled carbon 
nanotubes using an electric arc. The arc is established by bringing the anode and the cathode 
into contact and then separating them by a short distance. It would have been obvious to one of 
ordinary skill at the time of invention to create the electric arc of Withers et al. using contact arc 
processing, as taught by Bethune et al., as it is an equivalent means of producing an electric arc 
capable of forming nanostructures. 

Claims 1-2, 8-9, 11, 15-16, and 18 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Zettl et al (US 6,063,243). 

Zettl teaches a method for the production of either single-walled or multi-walled carbon 
nanotubes by an arc-discharge reaction. An arc is produced across two electrodes, which may be 
made of tungsten. The electrodes have interior conduits for the delivery of materials in 
particulate, gaseous, or liquid form. The materials may aid the reaction by providing reactants or 
catalysts. The elements may be carbon reactants in liquid form, such as benzene, and catalytic 
metal powders such as iron, nickel, and yttrium. The reaction apparatus is maintained at a 
pressure between 100 and 1000 torr. The selection of a specific pressure, such as one between 
39.9 kPa (300 torr) and 79.8 kPa (600 torr), from within the pressure range taught by Zettl et al. 
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is deemed to be the optimization of a known process, which could have been determined through 
routine experimentation, and is held to be obvious by In re Boesch 205 USPQ 215. 

Zettl et al. teaches that the reaction is performed in a vacuum chamber, however, it does 
not explicitly teach that the chamber is brought to a pressure of below 1 .3 Pa prior to the 
reaction. It would have been obvious to one of ordinary skill at the time of invention to bring the 
chamber under vacuum conditions, such as below 1 .3 Pa, in order to ensure that the inert gaseous 
atmosphere in which the reaction takes place is uncontaminated. 

Claims 3 and 17 are rejected under 35 U.S.C 103(a) as being unpatentable over Zettl et 
al. as applied to claims 1 and 15 above, and further in view of Chicharu et al. 

Zettl et al does not teach the use of petroleum liquid, mineral oil, or fatty acid esters as 
reactants. Chiharu et al teach that single-walled carbon nanotubes can be produced by the 
plasma method, wherein a carbon component, such as petroleum oil, and metal nanoparticle 
catalysts, such as those comprising iron, cobalt, or nickel, are introduced into a plasma frame and 
the carbon materials exiting the plasma are cooled (paragraph [0018]). It would have been 
obvious to one of ordinary skill at the time of invention to insert the reactant materials of 
Chiharu et al. through the conduits of the electrodes in the process of Zettl et al. in order to 
produce single-walled nanotubes. 
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Conclusion 



Any inquiry concerning this communication or earlier communications from the 



examiner should be directed to Peter J Lish whose telephone number is 571-272-1354. The 
examiner can normally be reached on 9:00-6:00 Monday through Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Stanley Silverman can be reached on 571-272-1358. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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